Since it was found by van't Hoff-Cohen1) that within certain limits of temperature van't H o ff's law of chemical reaction (Kanitz's RGT -l aw) is applicable to plant respiration also, numerous experiments have been made to find some definite relationship between temperature and bio logical processes and to examine whether it could be identified with any chemical law .2) There is no doubt that temperature has great influence on biological processes; the question at present seems to be whether the temperature effect can be expressed by a curve with exponential characters,2) by a straight line,3) or by some any other curve.
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Since it was found by van't Hoff-Cohen1) that within certain limits of temperature van't H o ff's law of chemical reaction (Kanitz's RGT -l aw) is applicable to plant respiration also, numerous experiments have been made to find some definite relationship between temperature and bio logical processes and to examine whether it could be identified with any chemical law.2)
There is no doubt that temperature has great influence on biological processes; the question at present seems to be whether the temperature effect can be expressed by a curve with exponential characters,2) by a straight line,3) or by some any other curve.
Tissues cultivated in vitro are a very good subject to work with on this point, because of the ease of control of the conditions and the relative simplicity of measurement of growth. METHOD.
The hanging-drop method developed by Carrel and his pupils was used in this experiment. Preparation of the plasma of chicken and the embryonic tissue juice was done in pursuance of the method which was des cribed by Fischer.5) I Usually the tissue juice was prepared fresh every time it was to be used, but sometimes diluted extract was also employed in the experiment.
Care was taken to obtain an equal area of the medium on the mica slip with the help of a circle drawn on the paper under the slip, to avoid any possible error owing to difference of the thickness of the medium.
The measurement of growth was made by tracing the outline of the new growth and the original fragment itself on a sheet of paper by means of a microscope provided with a drawing prism. The drawn area was measured with a planimeter and expressed in square centimetres.
The degree of growth at any time was shown by the ratio of the total area after growing and the area of the original fragment.
EXPERIMENTS.
I.
On the Latent Period.
The latent periods of growth at early passages were observed by the way, independently of the temperature experiment. Some examples may be quoted here.
To determine a latent period which covered the time from the ino culation of the fragment into the culture medium until the appearance of At the third passage, the latent period was 6 to 7 hours. In plate 3872 it was appreciated as 61/2 hours. At the fourth passage it was found as 5 to 7 hours, namely in plate 3695, 53/4 hours, in plates 3869 and 3867 63/4 hours and 7 hours and 6 minutes respectively.
At the fifth passage the period of latency became shorter and was ap preciated as 5 to 6 hours. In plate 3928 it was found to be 5 hours and 25 minutes.
From these observations it may be concluded that the more passages the culture undergoes, the shorter becomes the latent period of growth to some extent.
Similar observations were made by Carrel and Burrows,7) viz. that a fragment of a thyroid gland derived from the dogs, from 8 months to 2 years old, commenced in the first passage to grow with a period of latency of ca. 48 hours in the plasmatic medium, but in the second passage, which was made at the interval of 5 or 8 days, the latent period diminished to 12 hours.
After the first, the second, and rarely the third passage, there was observed the pulsa tion of the fragment of the cultivated heart muscle and the passive movement of the cells As already mentioned, I employed sometimes the diluted embryonic extract of Tyrode solution instead of the embryonic tissue juice itself for the composition of the culture medium, generally at the first to third passage, so that I compared the effects of both on the growth of the fibroblast in vitro.
The Tyrode extract was obtained from Tissuepulp-Tyrode mixture which had been kept in the ice box for two days. The Tyrode solution added was one third of the volume of the embryonic tissue pulp.
The results are summarized in Tables I and II. In this comparison the cultures at the same passage are derived from the one and the same origin and the initial sizes of the fragments and the total areas of the cultures are outlined at the same time.
At the first passage the mean values of the initial sizes of the frag ments and that of the total areas were appreciated as 2.4 and 21 .0 sq. em. respectively in the culture media composed of the plasma and the non diluted embryonic juice after the lapse of 81 hours from the inoculation; therefore the mean degree of the growth i . e. the mean value of the total areas divided by the initial sizes of the fragments was estimated as 8 .6.
While in the same passage, when the diluted extract was used to pre pare the culture media, mean values of the initial fragments and that of Degree of growth of the cultures in the culture media composed of the equal rolume of the plasma and the not diluted embryonic tissue juice.
The letters a and h put on the plate number indicate that the two fragments of the tis ue were cultivated in the same culture medium.
the total areas were appreciated as 2.1 and 27.7 sq. cm. respectively after the same interval of time, and the mean degree of the growth was found as 13.6. The degree of growth was larger in the latter case. In the second passage, when the embryonic juice was employed, the mean value of the initial fragments and that of the total areas amounted to 4.0 and 25.7 sq. cm. respectively after 68 hours from the passage, therefore Degree of growth, of the cultures in. the culture media composed of the equal volume o f the plasma and the diluted embryonic extract.
the degree of growth was determined as 6.5, while in the case in which the diluted extract was used, the mean initial size of the fragments and that of the total areas were found as 2.8 and 17.1 sq. cm. re pectively, therefore the degree of growth was 6.1. So in the second passage the degrees of growth were almost the same ill both cases.
In the third passage, employing the embryonic . juice, the mean values of the initial widths of the fragments and that of the total areas were es timated as 2.6 and 34.5 sq. cm. respectively after tit interval of 69 hours, the degree of growth being 13.4, while the mean values of the initial sizes of the fragments and that of the total areas Were appreciated as 3.8 and 39.3 sq. cm. respectively after 68 hours from the inoculation, when the culture media were prepared by means of the diluted extract; therefore the degree of growth was found as 12.9, being almost the same value as the former.
Strictly the comparison
should have been made with two halves sec tioned from one fragment, but from the experiments above quoted it could be concluded that the degree of growth was almost the same even when these two kinds of food material were employed separately to prepare the culture media.
Carrel and Ebeling10) observed that after the concentration of the embryonic juice in the medium had reached 40%, no further increase of growth occurred at any higher concentration.
I observe here that the diluted extract of the embryonic tissue is not different from the non-diluted embryonic juice in its effect on the growth of the tissue. From this fact it can be said that the quantity of food material over a certain limit has not especially a more growth-provoking effect on the tissue cells in vitro. In every medium, one fragment of the tissue was cultivated or two to gether, in order to compare the degree of growth and the life duration in vitro of the two kinds of cultivation at the same temperature.
The outlines of the total areas of the cultures were traced every day and expressed in square centimeters.
The total areas obtained before the distribution into the various in cubators were regarded as the standard area of the corresponding cultures. The degree of growth for each day was expressed by the ratio of the total area of that day to the standard area. The results are summarized in Tables III-VIII In the cases in which one fragment was cultivated in each medium, the degree of growth was almost the same, as compared with that of two fragments cultivated in the same medium.
(2) 39•‹.
The number of cultures experimented was 18 with two fragments and 22 with one fragment. The smallest degree of growth and the largest were 1.4 (plate 3846 b on the third day) and 9.3 (plate 963 b on the sixth day) respectively in the case where two fragments were cultivated together, and 1.9 (plate 4105 on the fifth day) and 20.1 (plate 504 on the eighth day) respectively in the case where one fragment was cultivated in one medium.
The curves of the degree of growth referring to days as abscissa were somewhat different according to whether one fragment was cultivated in one medium or two together.
i) Three types of curves were observed in the cases with one fragment in one medium. The first type was a smooth arc shape ,somewhat like a logarithmic curve. (See Fig. 1 p. 626) .
The beginning of the curve was relatively steep, but as the time advanced its inclina tion to the abscissa became smaller and smaller until the curve reached its maximum height between the second to the tenth day, and thereafter it maintained its height unchanged.
Many cultures grew according to this type. The second type was an everted S-shaped curve, as can be easily conjectured from the data of the degrees of growth in plate 1201, in which a single tissue fragment grew on the first, the second, the third, the fourth, the fifth, the sixth, the seventh, the eighth and the ninth day with the degrees of 1.6, 1.9, 2.0, 2.1, 3.0, 4.1, 5.2, 6.9 and 8.8 respectively.
The third type was on the whole like the first type, but the ascending part of the curve had a zigzag form.
For example, in plate 379 the cultures grew on the first day with the larger degree of 4.3, on the second with the degree of 4.5, i. e. the degree of the growth on this day was very small, on the third day it grew again with the larger degree of 8.1 and on the fourth the augmentation of the total area was represented by the smaller degree of 8.7, but on the fifth day it grew again with the larger degree of 10.6, the maximum degree, and on the sixth day it remained at the same area.
ii) In the cases in which two fragments were cultivated together in one medium , the type of the curve which represented the degrees of growth belonged to the first type above mentioned, attaining to the maximum height, which was much smaller than that in the cases with one fragment in one medium, on the second to the sixth day and then remaining at the same height.
In this case the difference in the degrees of growth of each fragment in the came me dium was appreciated as 0.02 to 0.55 on the last day of the life duration in vitro , except in plate 4025 where it was found as zero.
The interval of time, in which each fragment in the same medium reached the maxi mum width of its area was different. For example in plate 4032 one fragment reached the maximum width on the fourth day, but the other attained to the maximum growth on the fifth day.
Whether the above three types of curve showed essentially the types of growths in vitro or only accidental ones could not be easily decided, as the examples were not sufficiently numerous. In the cases with two fragments in one medium, the growth in the early period (the first 3 days) was the same as the cases with one fragment in one medium, but later the growth of the former fell gradually behind, as is seen from Table IV. This might be due to the lack of oxygen in the chamber where the tissue existed or to the rapid accumulation of metabolic products. Later this point will be touched on again (p. 633). The number of the cultures experimented on was 28 with two frag ments and 42 with one fragment.
Of the maximum growths attained here, the smallest and the largest degree were 1.0 (3635 b, 3925 b, that is-no growth) and 8.3 (972 a on the ninth day) respectively in the cases with two fragments in one medium and 1.1 (3686, 3691 on the second, 3470 and 3654 on the third day) and 7.2 (622 on the thirteenth day) respectively in the cases with one fragment in one medium.
Here the fragment of the tissue grew with a very slowly augmented but long lasting rate.
The type of the curve representing the degree of growth was the same, whether one fragment was cultivated in a medium or two together.
While it is true on the one band that, when two fragments were embedded in a me dium, the degrees of growth of each fragment were quite the same (for instance, in plate 3771 two fragments, 2.1 and 1.6 sq. cm. in their initial sizes, augmented their widths at almost the same rate of growth and in the last day the difference in the degree of their growth was zero. The Fame phenomena were observed in plates 2052, 3769, 3851, 3636 and 3471), on the other hand it was not overlooked that one fragment of two cultivated together in a medium grew with a larger degree than that of the other.
The diflerence of the degrees of growth of the two fragments was found as, generally, 0.02 to 0.32 on the last day of the life in vitro, but in plates 972 and 3632 it was very large and appreciated as 0.84 and 1.08 respectively. In plate 3632, for instance, one fragment out of the two showed the phenomenon above mentioned.
Having been calculated as 6.1 sq. cm. in the initial total area, the fragment grew after the first day to 8.6 sq. cm., i. e. the degree of growth was 1.4, after the second day to 9.3 sq. cm., with the degree of 1.5, after the third to 9.6 sq. cm., i. e. the degree of growth 1.6, from the fourth to the eleventh day it grew only from 9.7 sq. can. to 11.5 sq. cm., with the degree from 1.6 to 1.9 during S days. On the twelveth day the total area of the frag ment grew to 13.1 sq. cm. with the greater degree of 2.1 and ceased to grow till the four teenth day, constituting a darkish, macroscopical concentric ring. Degree of growth fo the en1tur , having the sane origin and being inoculated with two fragments together in each medium, at various temperatures. (2) 39•‹.
Here Table  IV should be referred to.
On the fifth, sixth and seventh days all the cultures were alive. During this interval they grew on generally without intermission every day.
On the eighth day, out of 4 examples of the cultures with two fragments 3 died and only one was kept alive. This surviving one grew on till the eighth day, while the other 3 examples ceased to grow on the sixth day.
Out of 3 examples of the cultures with one frag ment 2 were kept alive and one died.
On the ninth day the culture, with two fragments were kept alive only in one example and died out in the two others.
The surviving one cultivated in plate 4032 reached the maximum width on the fifth day and further no augmentation of the area occurred in it, while the two other dead ones grew on till the seventh day.
In the cases with one frag ment, 2 examples were kept alive out of 5.
On the tenth day after changing the medium, no growth of the cultures with two frag ments was observed, while the cultures with one fragment were kept alive in one example and died out in one. In plate 860 the culture grew at an increased rate till the tenth day, and in the next passage further augmentation of the area took place. On the eleventh day, two examples of the cultures with two fragments did not grow in the next new passage, but after changing the medium of the two fragments in plate 4028 one fragment, in spite of the cessation of growth on the fifth day, was kept alive, while the other was found dead under the same conditions.
On the twelfth day all cultures were dead. All the cultures were alive on the eleventh and twelfth day. On the thirteenth day, out of 3 examples of the cultures with two fragments, only one was alive. The surviving example grew at a slower rate than that of the two other dead examples.
The cultures with one fragment were alive in four examples out of six.
On the fourteenth day, two examples of the cultures with two fragments were all alive, while out of 3 examples with one fragment two were alive and one died.
On the fifteenth day, out of 3 examples of the cultures with two fragments, only one was alive ; this had grown to a greater extent than the two other examples that died, and two fragments cultivated in it ceased to grow on the twelfth day. The cultures with one fragment had a residual activity in 2 examples out of 4. One of the dead samples, which was cultivated in plate 2050, grew at a greater rate than that of the other surviving ex amples.
On the sixteenth day, out of 4 samples of the cultures with two fragments, only one was kept alive and two died and in the remaining one, which was cultivated in plate 3853 , one fragment survived and the other died. Out of 3 cultures with one fragment, only one was kept alive and the two others were dead.
On the seventeenth day no cultures with two fragments were kept alive, but in plate 3632 one fragment was kept alive and the other died. The former grew more than the lat ter.
Out of 3 cultures with one fragment, only one was kept alive and the two others died .
On the eighteenth day all the cultures with two fragments died, while out of 5 examples of the cultures with one fragment, two were kept alive.
On the nineteenth day all the cultures with two fragments died, while out of 4 ex amples of the cultures with one fragment only one was kept alive, progressively augmenting its area until the nineteenth day.
On the twentieth day the culture with two fragments did not grow after the next pas sage, but out of 2 examples of the cultures with one fragment, one was kept alive and the other died. The former reached its maximum width on the fifteenth day and ceased to grow for 6 days.
On the twenty first day all the cultures, with one or two fragments, could not be kept alive, though they continued to grow on till the twentieth day except one example which was cultivated in plate 3475, the tissue fragment growing in it till the twenty first day.
On the twenty second and third days no cultures could be kept alive. No further ob servation was made. The maximum m internal of the life duration of the cultures in vitro at various temperatures, when the medium remained unaltered.
??
The maximum interval during which every fragment was surely kept alive ,
The longest interval during which two fragments cultivated together were kept alive. ?? The longest interval during which one fragment cultivated in one medium was kept alive.
V. Temperature Coefficient.
(1) The Degree of Growth.
Development and growth of some plants and animals have often been the objects of investigation of temperature effect, and the relations between them have usually been expressed by the number calculated according to van't Hoff's12) formula (Temperature coefficient) or to Arrhenius's13) (Temperature characteristic p after Crozier)14) as more theoretical.
Many workers seem to be inclined to recognize the coincidence between the results and these laws within certain limits of temperature, though some refuse to accept it (Krough, Bucciante, and Bayliss). 15) To contribute to the problem of tissue growth in vitro, I calculated the temperature coefficient (Q10) as a measure of temperature effect on the tissue growth. Temperdure coeffcients of the degree of growth of the cultures with one fragment in each medium. Temperature coefficients of the degree of growth of the cultures with two fragments in each medium.
(2) Duration of Life in Vitro.
Loeb12 found an extraordinarily large figure for the temperature co efficient (1000) of life duration with eggs of Strongylocentrotus purpuratus, but later with Northrop,17) using aseptic Drosophila found the value correspond ing to van't Hoff's law.
My results re temperature coeffi cient of life duration of the fibroblast in vitro in an unaltered medium are shown in Table XI 
